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The following observations were made with the intention
of examining, under various conditions, the conductivity of
a salt solution, which is of some importance at present,
owing to the attention being paid to solutions now by
Ostw: lld vau't Hoff, and others. T chose copper sulphate
{Cu 504+o H,0) to work with, as that was the most con-
venient. It is plentiful and easily purified, and copper is a
convenient metal to use for making the electrodes.

All the methods of measuring (,luctlolytb resistance by the
ordinary Wheatstone bridge and galvanometer are more or
less unsatisfactory, the only satistactory method being that
suggested by Kohlrausch, namely, of using rapidly alternat-
ing currents and a telephone, instead of steady currents and
a galvanometer. The alternate current may be produced by
a simall dynamo, but much more conveniently by an
induction coil maintained by a few cells. A small coil
is preferable to a large one, as the statical charge on the
electrodes, especially it they be small, is liable to introduce
a serious error, besides which is the annoyance of receiving
shocks on touching exposed parts of the cireuit, if one
works with such high E.M.Is as are produced in a large
coil.  The coil I used, when maintained by fowr freshly
charged Grove cells, gave a spark of rather more than a
cbntnnctle but I oenemlly used a much weaker primary
current. A shde wire bridge is generally recommended, but |
found a resistance box more sensitive and more convenient.
The greatest sensitiveness I ever obtained was about 1 iu
1500, that being with a resistance of 1500 ohms. The dis-
tribution of resistances which is most advantageous in the
arms of the ordinary Wheatstone bridge is by no meaus the
best in Koblrausch’s arrangement. In the former, it is
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necessary to arrange the arms so that when the resistances
are balanced, the maximum current shall pass through the
galvanometer, and generally the variable arm can be so
arranged that theve is no perceptible deflection of the needle.
But in Kohlrauseh’s method, one cannot get complete silence
in the telephones, and a variation of say 1 per cent. is more
noticeable in a feeble sound than in a loud one, and so
(unless the currents be very weak) the arms have to be
arranged  to send the minimum current through  the
telephones.  This method also differs from the ordinary in
its mability to measure with accuracy low re sistances, less
than 10 ohms, neither can it measure very high resistances
more than 50,000 ohms, although, with the box I had, T could
otherwise have measured 1,000,000 ohms. Where one tries
to measure these high or low resistances, it is found that
when the resistances ave approximately balanced, it takes a
considerable alteration, say 5 per cent. in the variable arm, to
produce any perceptible change in the sound in the telephone,
and when the change is produced, it is not so much a change
in intensity as in quality—it ahnost seems like an alteration
in pitch, though that could not be. Besides overcoming the
difticulty introduced by polarisation, there is an enormous
advantage in Kollrausch’s method in the way of rapidity.
Making an observation is the matter of seconds, instead of
minutes.

The cell I used to examine the effect of change of tempera-
ture on conductivity was a glass tube (sce Fig. 1), about
20 em. in length, and 1 em. in diameter, slightly bent.  The
ends of this fitted into two flat copper cups, with holes in the
sides, titted with slightly conieal necks. These cups were
about 7 em. x 5 cm. x 2 em. The space between the
glass and the copper necks was tightly packed with loose
hemp, and formed a perfectly water-tight joint. — Wires
soldered to the cups gave a means of connection, the caps,
or rather their interior heing the clectrodes, the surfaces
exposed to the solution being about 80 squave cm. The
cups were closed at the tops by blocks of indiarubber cut to
fit. T had some difficulty, however, in making these quite
water-tight, and tried several methods of stopping up the
cracks, It was casy enough to stop them at ordinary
temperatures, but the difficulty was to find some cemeunt
that did not soften at 1007 . Sealing-wax and putty were
among the things I tried, but neither remained water-tight
at 100° C. A solution of indiarubber in naptha was tinally
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tried, and with ccmplete suceess,and I found the whole cell
now water-tight even under considerable hydrostatic
pressure.  Glass tnbes were passed through the indiarubber
blocks, and Liehig condensers were attached to these by
picces of indiarnbber tubing.  The inner tubes of the
condensers were closed at the top by corks.  The condensers
were held vertically by clamps, and the cell was thus
suspended. It was immersed in oil to a depth of about
6 em. (dotted line in fignre). 1 had to keep it hung, as my
bath was copper. T tested the insulation of the oil, and
could get no current through a very shght thickness of it.
When heating a solution, air bubbles began to form at
about 75° C. The bending of the tube was to allow the
escape of these when they became large enough, as well as
to allow the steam to escape more readily when the tempera-
ture rose to boiling point. The condensers were, of course,
intended to keep the solution at a constant strength.
Observations of the resistance above T0° were made atter the
solution had been well boifed, so that there were no air
bubbles to merease the resistance of the system.

To observe the temperature, I took a glass tube of the
same seetion and thickness as that of the cell, and corking
one end, I partially tilled it with the same solution as that
with which I was working, and putting the thermometer
into this, I put the tube n a slanting position in the bath.
Under these conditions, I covsidered that the temperature of
the solution in the second tube ought not to differ much
from the temperature of the solution in the cell. For extra
seeurity, however, I always kept the temperature within a
degree or two for several minutes, and within 1 degree for
about half a minute before taking a reading of the resistance.
The salt I nsed was ordinary eommercial copper sulphate
which I purified by making strong super-saturated solutions
in distilled water, and takine the ecrystals which were
deposited before the solution became cold. 1 obtained the
strength of each solution by weighing the amounts of salt and
water in it, and checked the results by taking the density
with hydrostatic balance, using a glass sinker, and then
comparing these values with a series previously obtained and
plotted.

I made a very great number of observations altogether,
but finally have drawn my conclusions from eight sets,
which were the last made, and on which 1 spent more time
and pains than on the others. In the results which follow,
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7' 15 the temperature centigrade, £ the observed resistance of
the system in legal ohms, and /£ is the conductivity, /.., the
reciprocal of the specitic vesistance.  Taking s as the specific
] 1% . . .
vesistance 7 = % where o is the mean radius, and [ is the
o L q .

length increased by 8 rat each end, _ 5 is a coustant for
the instrument determined by measurement once for all.
Thus b = 5. 11_, and log » = log !5 — log & = 12540 —
log R, so that the caleulation of I from the observed resist-
ances is very simple. The following tables show all the
observations nsed from which I caleulated my results :—

593 ¢ 2570 /. 924
7 VA k 7 R ' % 7 | R k&
17 | 1155 % 409 | 0139 17 | 852 | 6211
31 887 30 320 0561 30 66 2638
0769 12 260 0690 | 42 | 538 322
30 | 679 5446 220 0816 | 55 | 482 372
60 629 70 195 0920 70 | 435 113
70 | 589 81 | 181 0992 | 32 | 630 | 281
sHpdl SEd D BRYRIN B 1745 -1022 70 433 414
97 | 5375 334 g8 | 165-0 1088 | 95 | 409 439
b S0 96 | 1670 ‘1075 9y | 104 14t
%9 | 548 g2 | 1700 (1056 | 91 | 407 141
3 | 536 88 | 1730 1038 | 88 | 413 435
70 | 581 8L | 1792 1002 | 80 | 420 427

i |85 | 414 434
|
384 % 2319 1958 %
71 R | k 77 k| /b 7 R i k

| |
1890 1800 00997 3 2990 00784 15-3 4030 00445
31 1459 01230 30 ' 1837 00977 352 2800 (41
45 1225 ' 1465 40 1598  -01123 52 2350 764

650 1066 1684 50 1440 -01246 65 2120 847
70 999 ' 1796 60 1335 1344 80 1990 902
30 962 1866 70 1266 | 1418 H.ooiiiiiiifeeiiies
100 928 . 1934 80 1218 1474 80 1957 917
99-7, 929 1932 0l 1174 1529 ¢ 90 1915 937
9851 930 1930 91 1175 1528 94 1925 932
95 932 1926 90 1182 [ 1519 97 1915 37
92 933 1924 85 1192 1506 100 1901 944
90 935 | 1920 80 1212 1481 97 1903 943
37 940 1909 94 1901 944
35 943 1903 1
50 957 | 1875 i
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397 262
T 4 k 7 R | k
Hit) 99 (G270 } -00286
97 | 965 6260 287
95 94 6260 287
93 91 6280 286
25 86°5 6330 283
87 | 80:5 6430 279
81 703 6740 | 266
82| 18 13850 | 1296
80 | 30:5 10870 1651
70 45 8900 | 2017
163 60 | 7550 | 2377
302 | 70 000 2564
46 80 @350 . 2740
60 492 70 . 6900 2601
[ 531

70 !
}

I had now to tind, first, the law of variation of conduc-
tivity with temperature, and second, its variation with
strength ot solution. In working out the former, I took
20° C. as my standard, and in what follows, ¢ is the excess
of temperature over 20° I found that cach set of observa-
tions was given within the limits of errors of observation
by the formula &, =&y (I + « t — B ¢?) I, and hky, being
the conductivities at 20° + ¢°C.and 20° C'. vespectively. To
determine « and B as accurately as possible, I worked it out
in each case by the “method of least squares,” working
from the conductivities at 20, 30, +0, 50, 60, 70, 80, 90.
ﬂ;]d 1007 ¢, found by interpolation from the rvesults given
above.

The values T found are shown in the following table :—

" Fgy | (4] B
(Solution
CGoncentration).

-0458 -000100
-0224 140
-0165 144
-0102 125
00808 | 221 136
00482 211 138
-00293 215 115

00135 220 | 69
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From this table it will be seen that ¢ and B are fairly
constant for all solutions, though perhaps a increases slightly
with the concentration. The crrors in fare too great and
too hrregular to indicate any law of variation.  Assuming
then that « and 8 are constant, we find the mean values are,
a =-0229; B = 000121. In « the probable error of the
result is <00054, or a little less than 2} per cent. of the whole.
Although the values of @ and B thus found geive the conduc-
tivity with fair accuracy, yet they fail in one particular. 1t
will he seen on examining the results in the case of the last
two solutions, that there 1s a temperature of maximum con-
ductivity somewhere between 90 and 100° C.  In previous
experiments, however, I got maxima between 90 and 1007,
with solutions of 3 and 6 per cent., it being very marked in
the latter case. 1t is possible that there may be a maximum
in every case, but generally above 100° (', and that its
position may vary considerably with very small impurities
in the solution, though I do not know what impurity I could
have introduced in the one case and not in the other, as in
cach case I used water distilled in the same way, and salt
from the same vessel. .

I should remark that, in calculating a and B in the case of
the solutions that have a maximum under 100°, I only used
the results between 20° and 80°.

It now remained to determine the law connecting con-
ductivity and concentration (k and ). After trying various
formulwc and plotting several functions of 4 and 7, T at last
suspected that & varied as some power of n, and on taking
logavithms and plotting them, I found the resulting curve
very nearly a straight line, the deviations from it being such
as might arise from ervors of observation. Putting £ = @ n’,
we have log It = log « + b log 5. This is a very simple
form to work out by “least squares,” and I found the
constants were « = ‘00403, b = ‘766, the average error
being 3+ per cent. The general expression for the conduc-
tivity thus becomes & = 00403 x 27 (1 4+ 0229 ¢ —
000121 #).  The curves I, I1, and I1I show the relations
between the conductivity and temperature for three ditferent
solutions, and may be taken as typical. The curves them-
selves are plotted from the mean values of the temperature
coefficients, and the crosses show the actual obsecrvations.
As I remarked previously, the coetficients are probably some
function of the concentration, but my results are not accurate
enough to determine it.  Curve IV shows the logarithms of
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the different values of the conductivity and concentration ;
as before, the curve showing the mean caleulated values, and
the crosses the observed values.

The following table gives the conductivities for several
concentrations and temperatures, and may be useful for
reference :—

CONCENTEATION.

me.[ — . — m

Gl 1 59 0y 2% | 309
’ [ = S
20 000690 ‘ ‘00237 ' 00403 0188 \' 0235 0398 <0548
30 1-000810 403 400 168 0 286 484 661
40 "000976 ! 335 S04 195 332 562 767
50 001090 374 635 218 371 628 B5T
60 -00119 408 693 238 405 635 936
70 00127 | 436 T4t 254 33 735 1004
R0 00133 | 459 780 267 455 771 1050
90 472 800 1090
100 | 433 819 1120
DESCRIPTION OF PLATES XV AND XVIL

Fra. 1.—a, glass tube; b b, copper cups; ¢ ¢, indiarubber
blocks; o, henp packing; ee, Liebig condensers;
7, level of solution in cell; g, level of bath in
which cell is immersed.

Fia. 2—Curves I, II, TII. showing agreement between
mean  value of temperature coefficients, and
values in typical cases. Abscissee represent teni-

perature centigrade ; ordinates, conductivity.

K16, 3.—Curve 1V, showing that the connection between the
logarithms of the concentration and conductivity
is linear, and consequently, that the conductivity
varies as a power of the concentration. Abscisse,
logarithms of conductivity; ordinates, logarithins
ot concentration.



